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Introduction {#SECID0EXH}
============

Recent molecular studies ([@B12], [@B27], [@B23], [@B11]) as well as studies combining molecular and morphological data ([@B21], [@B13]) consistently retrieve the Myriapoda as a monophylum. Unique synapomorphies shared by its taxa Chilopoda, Symphyla, Pauropoda, and Diplopoda, however, are sparse. The most striking character in favour of myriapod monophyly is the so-called swinging tentorium, i.e. an apparently mobile skeleton of the head supporting the preoral chamber and movements of the mandibles ([@B9], [@B18], [@B7], [@B31], [@B8], [@B20]). The tentorial complex consists of sclerotised exoskeletal bars and endoskeletal processes ([@B18], [@B19]). This complex provides stability to the largely membranous epi- and hypopharynx and serves as muscle attachment sites. The tentorium is considered essential for the movement of the mandibles and the gnathochilarium, although the mechanism is not yet understood ([@B22], [@B10], [@B19]). In general the tentorium of the Diplopoda is composed of four parts: the exoskeletal (1) hypopharyngeal bar, (2) the epipharyngeal bar, (3) the transverse bar, and (4) the endoskeletal posterior process (sensu [@B18]). Associated with the tentorial complex is an additional sclerite, the nebententorium (sensu [@B1], [@B36], [@B19]) or hypopharyngeal lateral sclerite (sensu [@B43]), also serving as an attachment site for musculature ([@B36]). Details on the structure of the tentorium and its musculature have been described for only few representatives of the Diplopoda. Four descriptions for members of the order Sphaerotheriida date back more than 100 years, and three of them ([@B38], [@B33], [@B1]) describe the state for *Sphaeropoeus* Brandt, 1833 (Zephroniidae Gray, 1843). There is only one description for the Arthrosphaeridae [@B17] by [@B36] for *Arthrosphaera dentigera* Verhoeff, 1930. Recently, the tentorium of *Zoosphaerium bemanevika* Sagorny & Wesener, 2017 from Madagascar was visualised in 3D using volume renderings of a µCT scan (Sagorny and Wesener 2017), but it was not described in detail. The Arthrosphaeridae are the second largest family with 119 species and 4 genera within the order Sphaerotheriida. The Arthrospaeridae have a very interesting biogeography with *Arthrosphaera* from the Indian sub-continent, and the three genera *Sphaeromimus*, *Zoosphaerium* and *Microsphaerotherium* Wesener & VandenSpiegel, 2007 only known from Madagascar ([@B41], [@B42]). All descriptions indicate that the tentorium in the Sphaerotheriida deviates markedly from the pattern described for other myriapods. In order to reveal the deviating characteristics more comprehensively, the tentorium of three representatives of the Arthrosphaeridae genera *Arthrosphaera* Pocock, 1895, *Sphaeromimus* de Saussure & Zehntner, 1902 and *Zoosphaerium* Pocock, 1895 are described and compared.

Materials and methods {#SECID0EPIAC}
=====================

Vouchers are stored in natural history collections of the Zoological Research Museum A. Koenig (**ZFMK**) and the California Academy of Sciences Herbarium (**CAS**). One head of *Zoosphaerium* sp. was used for light microscopy of the skeletal components with a Keyence VHX 700 digital stack imaging system. For this purpose the mandibles were removed with micro-scissors and the head bisectioned by slicing along the mouth with a razor blade. Micro-CT scans were taken from the heads of the three giant pill-millipede species *Arthrosphaera brandtii* (Humbert, 1865) (ZFMK MYR 06265), *Sphaeromimus kalambatritra* Moritz & Wesener, 2017 (CAS ENT 9058301) and *Zoosphaerium bemanevika* Sagorny & Wesener, 2017 (ZFMK MYR 6144), all belonging to the family Arthrosphaeridae Jeekel, 1974. The heads were dissected and critical point dried (CPD) after dehydration via an ascending ethanol series. X-ray micro-computed tomography (µCT) was performed with a SKYSCAN 1272 (Bruker microCT, Kontich, Belgium), using the following settings: source voltage = 60 kV, source current = 166 μA , exposure = 915 ms, rotation of 180° in rotational steps of 0.2°, frame averaging = 6, random movement = 15 px, filter = Al 0.25 mm. Isotropic voxel resolution varied in the following manner: *Arthrosphaera brandtii*: 5.99 µm; *Sphaeromimus kalambatritra*: 7.86 µm; *Zoosphaerium bemanevika*: 7.99 µm. Reconstruction and thermal drift correction was performed in NRecon 1.7.0.4 (Bruker microCT, Kontich, Belgium). Reduction of the data size by scaling to 50 % and conversion from 16- to 8-bit greyscale, and the adjustment of contrast and brightness was performed in IMAGE J 1.50e ([@B29]). The resulting image stacks are deposited in MorphoBank as Project 2795 (<http://morphobank.org/permalink/?P2795>) Automated segmentation with subsequent manual corrections and 3D visualisation of the studied structures was performed in ITK-SNAP 3.6.0 ([@B44]). Terminology follows [@B19] for components of the endoskeleton, and [@B43] for the musculature. Illustrations and figure plates were prepared with Adobe Photoshop CS2 and Adobe Illustrator CS2.

Results {#SECID0E3MAC}
=======

Skeletal elements of the tentorium in the Sphaerotheriida {#SECID0EANAC}
---------------------------------------------------------

A connection of the tentorium to the head capsule by a transverse bar (sensu [@B18]) is missing in the three analysed species, despite the presence of an incisura lateralis (Fig. [1A](#F1){ref-type="fig"}). The paired tentorial complex consists of only four major parts: the epipharyngeal bar (Fig. [1C](#F1){ref-type="fig"}, eb), the hypopharyngeal bar (Fig. [1B](#F1){ref-type="fig"}, hb), the posterior process (Fig. [2](#F2){ref-type="fig"}, pp), which forms a single tripartite sclerite (the tentorium sensu stricto) along the mouth opening, and the separate nebententorium (nt; hypopharyngeal lateral sclerite sensu [@B43]) located on the hypopharynx (Fig. [1B](#F1){ref-type="fig"}, hy).

![*Zoosphaerium* sp., light micrographs of peristomatic structures. **A** Epipharynx, showing absence of the tentorial transverse bar **B** Preoral chamber, frontal view on hypopharynx (mandibles removed) **C** Hypopharynx and endochilarium, dorsal view (hypo- and epipharyngeal bar of right tentorium broken off). Scale bars: 500 µm. **Abbreviations:** eb = epipharyngeal bar of left tentorium; **ed** = endochilarium; **ep** = epipharynx; **h1** = projection of hypopharyngeal bar; **hb** = hypopharyngeal bar of tentorium; **hy** = hypopharynx; **il** = incisura lateralis; **lb** = labrum; **ll** = lamella lingualis; **lm** = lamella-mentum; **nt** = nebententorium; **ss** = suspensorial sclerite; **stg** = stipes of gnathochilarium.](zookeys-741-077-g001){#F1}

**(1) The epipharyngeal bar**:

The plate-like epipharyngeal bar (eb) is in connection with the wall of the epipharynx (Fig. [2A--J](#F2){ref-type="fig"}, ep). The distal part of the epipharyngeal bar is a triangular plate with one slightly curved lateral projection (e1) and a stout median projection (Fig. [1C, D, e2](#F1){ref-type="fig"}). The shape of the projections of the epipharyngeal bar is variable within the Arthrosphaeridae (Fig. [2D, F, H](#F2){ref-type="fig"}): the lateral projection (e1) is rather stout and short in *Sphaeromimus kalambatritra* (Fig. [2F](#F2){ref-type="fig"}), more elongate in *Arthrosphaera brandtii* (Fig. [2D](#F2){ref-type="fig"}) and long, slender and curved in *Zoosphaerium bemanevika* (Fig. [2H](#F2){ref-type="fig"}). The median projection (e2) is triangular in *A. brandtii* (Fig. [2D](#F2){ref-type="fig"}) and *S. kalambatritra* (Fig. [2F](#F2){ref-type="fig"}), and rectangular in *Z. bemanevika* (Fig. [2H](#F2){ref-type="fig"}). The distal part of the epipharyngeal bar (eb) is curved, following in shape the curvature of the mandible condyles (Fig. [2A, B, I, J](#F2){ref-type="fig"}, co) in all analysed specimens. The proximal part of the epipharyngeal bar (eb) is a rectangular plate, which is wider in *A. brandtii* (Fig. [2D](#F2){ref-type="fig"}) and *S. kalambatritra* (Fig. [2F](#F2){ref-type="fig"}), while it is more slender in *Z. bemanevika* (Fig. [2H](#F2){ref-type="fig"}).

![The tentorial complex of the Sphaerotheriida, 3D visualization. GREY = Head capsule; BROWN = mandible; ORANGE = tentorium; YELLOW = nebententorium; OLIVE = außententorium. **A--D** *Arthrosphaera brandtii* (Humbert, 1865), ZFMK MYR6265 **E, F, I, J** *Sphaeromimus kalambatritra*, CASENT 9058301 **G, H** *Zoosphaerium bemanevika* Sagorny & Wesener, 2017, ZFMK MYR6144. **A** tentorial complex and its association with the mandibular gnathal lobe and the head capsule of *A. brandtii*, dorsal view **B** same as A frontal view **C** tentorial complex of *A. brandtii*, frontal view **D** same as C medial view, with rotated epipharyngeal bar **E** tentorial complex of *S.* sp., frontal view **F** same as E medial view, with rotated epipharyngeal bar **G** tentorial complex of *Z. bemanevika*, frontal view **H** same as G medial view, with rotated epipharyngeal bar **I** tentorial complex and its association with the mandibular gnathal lobe and the headcapsule of *S.* sp., dorsal view **J** same as I, frontal view. **Abbreviations**: **at** = antennal socket; **aut** = mandibular gnathal lobe sclerite (außententorium); **co** = condylus of mandible; **e1** = lateral projection of epipharyngeal bar; **e2** = medial projection of epipharyngeal bar; **eb** = epipharyngeal bar; **et** = external tooth; **h1** = projection of hypopharyngeal bar; **hb** = hypophayrangeal bar; **hc** = head capsule; **ilp** = projection arising from incisura lateralis; **it** = internal tooth; **mp** = molar plate; **nt** = nebententorium; **pl** = pectinate lamellae; **pp** = posterior process.](zookeys-741-077-g002){#F2}

**(2) The hypopharyngeal bar**:

In the three analysed species, the epipharyngeal bar (eb) of the tentorium (Fig. [2A--J](#F2){ref-type="fig"}) passes over into the hypopharyngeal bar (hb) posteriorly to the pharyngeal opening. The hypopharyngeal bar is elongate and rod-like (Fig. [2A--J](#F2){ref-type="fig"}, hb). The bar is strongly curved inward and extends ventrally on the hypopharynx towards the gnathochilarium where it is associated to the nebententorium (nt) via a membranous connection (Fig. [2C, E, G](#F2){ref-type="fig"}). A small cone-shaped medial projection (h1) close to the center of the hypopharyngeal bar is present (Fig. [2C--H](#F2){ref-type="fig"}), pointing to the hypopharyngeal suspensorial sclerites (Fig. [1B](#F1){ref-type="fig"}, ss) (Stützgerüst sensu [@B1]; [@B36]). Although the hypopharyngeal bar of *A. brandtii* (Fig. [2C](#F2){ref-type="fig"}) is slightly shorter in relation to its width than in *S. kalambatritra* (Fig. [2E](#F2){ref-type="fig"}) and *Z. bemanevika* (Fig. [2G](#F2){ref-type="fig"}), its general rod-like appearance can be seen in all analysed species.

**(3) The posterior process**:

The posterior process (pp) is a large triangular plate projecting posteriorly into the head capsule parallel to the mandibular gnathal lobe sclerite (sensu [@B43]; äußeres Tentorium sensu [@B37], [@B1]; Außententorium sensu [@B30]; (German for \"outer tentorium\")) (Fig. [2A, B, I, J](#F2){ref-type="fig"}, aut). It arises from the transition point between the epi- (eb) and hypopharyngeal bars (hb). There is no variation in the shape of the posterior process (pp) within the studied Arthrosphaeridae (Fig. [2C--H](#F2){ref-type="fig"}).

**(4) The nebententorium**:

The nebententorium (nt) is a short, flat sclerite parallel to the distal portion of the hypopharyngeal bar (hb) of the tentorium (Fig. [2A, B, I, J](#F2){ref-type="fig"}, YELLOW). It bypasses the distal tip of the hypopharyngeal bar slightly and broadens, forming an articulation with the tentorium (Fig. [2C--H](#F2){ref-type="fig"}).

The connection of the mandible to the tentorium in Arthrosphaeridae {#SECID0EJUAE}
-------------------------------------------------------------------

The strong condylus (co) of the mandibular gnathal lobe (Fig. [2A, B, I, J](#F2){ref-type="fig"}, BROWN) is not in direct contact with the tentorium, but medially faces the epipharyngeal bar (Fig. [2A, B, I, J](#F2){ref-type="fig"}, eb). Lateral of the condylus arises a sclerotised socket-shaped projection (Fig. [3A](#F3){ref-type="fig"}, ilp) from the incisura lateralis (il) of the head capsule (Fig. [3B](#F3){ref-type="fig"}, hc). The mandibular condylus hence appears to be encompassed by both the epipharyngeal bar and the sclerotised projection of the incisura lateralis.

Musculature of the tentorium in Arthrosphaeridae {#SECID0EYVAE}
------------------------------------------------

The tentorial complex of the Arthrosphaeridae is associated with a set of seven muscles (Fig. [3C](#F3){ref-type="fig"}), which do not vary in the studied species. The proximal part of the epipharyngeal bar (eb) gives rise to the anterior tentorial muscle (t1), which inserts on the anterior part of the head, and to the dorsal tentorial muscle (t2), which inserts medial of the antennal socket (Fig. [3D](#F3){ref-type="fig"}). The posterior tentorial muscle (t3) inserts on the whole length of the posterior margin of the posterior process (pp) and originates from the postoccipital flange close to the transition to the collum (Fig. [3C, F](#F3){ref-type="fig"}). The lateral antennal muscle (a1) originates from the posterior margin of the transitional area between the epipharyngeal bar (eb) and the posterior process (pp), anteriorly of t3, and inserts on the posterior margin of the first antennomere (at1). The anterior antennal muscle (a2) inserts on the anterior margin of the first antennomere (at1) and originates from the epipharyngeal bar (eb) lateral of t3 (Fig. [3E](#F3){ref-type="fig"}). Median to t3, the pharyngeal dilator muscle (p1), which inserts on the lateral pharyngeal wall (ph), originates from the frontal anterior portion of the posterior process (Fig. [3F](#F3){ref-type="fig"}, pp). The nebententorium (nt) gives rise to a muscle (g1) inserting medially on the lamella lingualis (ll) of the gnathochilarium. Another muscle (g2) of the gnathochilarium passes from the lamello-mentum (lm) to the posterior surface of the nebententorium (nt) lateral to g1 (Fig. [3G](#F3){ref-type="fig"}).

![Head musculature of *Sphaeromimus kalambatritra*. **A, B, D--G** micro-CT images **C** 3D segmentation. **A** Arrangement of mandible, tentorium and head capsule, frontal section **B** Incisura lateralis in detail, frontal section **C** 3D segmentation of the isolated tentorium and its muscles, medial view **D, E** Muscles of the epipharyngeal bar, fronto-medial view **F** Muscles of the posterior process, frontal section **G** Muscles of the nebententorium, frontal section. Top is frontal, left is lateral. Scale bars: **A, D** 1000 µm **B, E--G** 500 µm **C** not to scale. **Abbreviations**: **a1** = lateral antennal muscle (m.); **a2** = anterior antennal m.; **at1** = first antennomere; **co** = condyle of mandibular gnathal lobe; **eb** = epipharyngeal bar; **et** = external tooth of mandible, **g1** = lamella lingualis m.; **g2** = lamello-mentum m.; **aut** = mandibular gnathal lobe sclerite (außententorium); **hb** = hypophayrangeal bar; **hc** = head capsule; **il** = incisura lateralis; **ilp** = projection arising from incisura lateralis; **it** = internal tooth of mandible; **lab** = labrum; **ll** = lamella lingualis of gnathochilarium; **lm** = lamello-mentum; **mdb** = mandibular base; **mdg** = mandibular gnathal lobe; **mp** = molar plate; **nt** = nebententorium; **p1** = pharyngeal dilator m.; **ph** = pharynx; **pl** = pectinate lamellae of mandible; **pp** = posterior process; **st** = stipes of gnathochilarium; **t1** = anterior tentorial m.; **t2** = dorsal tentorial m.; **t3** = posterior tentorial m.](zookeys-741-077-g003){#F3}

Discussion {#SECID0EP6AE}
==========

Structure of the tentorium in the Sphaerotheriida {#SECID0ET6AE}
-------------------------------------------------

The tentorium of the three studied representatives of Sphaerotheriida shows the same basic structure (Fig. [2C--H](#F2){ref-type="fig"}), as already described by [@B38], [@B33] and [@B1] for *Sphaeropoeus*, and by [@B36] for *Arthrosphaera dentigera*. [@B38] stated that the tentorium of the Sphaerotheriidae *Sphaerotherium* Brandt, 1833 resembles that of the Zephroniidae *Sphaeropoeus* Brandt, 1833, without a detailed description. Therefore, the general structure of the tentorium seems to be highly conserved within the Sphaerotheriida.

The most striking character of the giant pill-millipede tentorium is the absence of the transverse bar (Fig. [1C](#F1){ref-type="fig"}), which is present in all other millipede orders as far as known. Although the transverse bar differs among millipedes in its shape and articulation to the head capsule, it is known to be present in the Polyxenida ([@B18]), Glomerida ([@B38], [@B33], [@B37]), Julida ([@B38], [@B33], [@B37], [@B1], [@B36], [@B10]), Spirobolida ([@B38], [@B34]), Spirostreptida ([@B38], [@B33], [@B22]), Polydesmida ([@B38], [@B33], [@B36], [@B30], [@B34]), Chordeumatida ([@B38], [@B36]), Callipodida ([@B36]) and Platydesmida ([@B19]). The state of the transverse bar (or the tentorium in general) for Glomeridesmida, Stemmiulida, Siphoniulida and most Colobognatha has not been documented yet. A transverse bar can nevertheless be assumed for the ground pattern of Diplopoda. Its reduction can be viewed as a derived state of the Sphaerotheriida.

Impact on tentorial mobility {#SECID0EAHAG}
----------------------------

The general function of the transverse bar is the connection of the tentorial complex to the head capsule at the incisura lateralis (= clypeal notch), around which the tentorium is deemed to perform its swinging movements ([@B22]). Furthermore, the transverse bar is the insertion site for tentorial protractor muscles ([@B22], [@B43]). Along with the reduction of the transverse bar in Sphaerotheriida, the mobility of the tentorium must have undergone tremendous changes and must differ from the mechanism assumed by [@B10] and [@B22] for Juliformia, as the muscular equipment of the tentorium in Sphaerotheriida (Fig. [3 C](#F3){ref-type="fig"}) varies greatly from that of Juliformia. While [@B43] reported 13 muscles attached to the tentorium in Spirostreptida, Sphaerotheriida only maintain seven muscles (Fig. [3C](#F3){ref-type="fig"}). In Sphaerotheriida, the anterior tentorial muscle and the dorsal tentorial muscles originating on the epipharyngeal bar (Fig. [3D](#F3){ref-type="fig"}), as well as the posterior tentorial muscle and pharyngeal dilator muscles originating from the posterior process (Fig. [3F](#F3){ref-type="fig"}) correspond to the state in Juliformia ([@B43]). The tentorial protractor muscles, however, apparently shifted their position from the transverse bar (as described by [@B43]) to the distal part of the epipharyngeal bar. Further differences concern the antennal muscles that arise from the posterior process of the tentorium in Juliformia, but from the epipharyngeal bar in Sphaerotheriida (Fig. [3E](#F3){ref-type="fig"}). In Sphaerotheriida, contrarily to Juliformia ([@B33], [@B22], [@B43]), no mandibular muscles arise from the tentorium. In the Sphaerotheriida all muscles of the mandibular base instead originate from the transverse mandibular tendon and cranial wall, respectively. Among the three gnathochilarial muscles arising from the nebententorium in Juliformia, only two are present in Sphaerotheriida, i.e., the one (g1) inserting on the lamella-mentum, and the one (g2) inserting on the lamellae linguales (Fig. [3G](#F3){ref-type="fig"}). The muscle extending from the gnathochilarial stipes to the nebententorium is apparently reduced in giant pill-millipedes. This reduction of gnathochilarial muscles is likely due to strong modifications of the gnathochilarium in Sphaerotheriida, which are considered as autapomorphies of this taxon ([@B39]).

Despite these differences, the main muscles considered essential for movements of the tentorial complex are present. [@B22] states that the movement of the tentorium in Spirostreptida results from the tension of the protractor tentorii (anterior tentorial muscle sensu [@B43], t1) and the depressor tentorii, which correspond to the lamella lingualis muscle (g1) and the lamello-mentum muscle (g2) of Sphaerotheriida.

The differences in the composition of the tentorium and in its muscular equipment might not only be correlated with the absence of the tentorial transverse bar, but also with the presence of a strong condylus on the mandibular gnathal lobes of Sphaerotheriida that unquestionably impacts on the mandibular mechanism. In Juliformia, the connection of the transverse bar to the incisura lateralis is deemed to fix a swing of the tentorium, causing the mandibular gnathal lobe to abduct ([@B10], [@B22]). In Sphaerotheriida, we propose that abduction of the mandibular gnathal lobes instead is caused by forces exerted from the epipharyngeal bar on the condylus of the gnathal lobes. The shape of the epipharyngeal bar indicates that it interlinks to the notch present on the condylus (Fig. [2A, J](#F2){ref-type="fig"}) to cause abduction of the gnathal lobe by pushing its condylus into the projection of the incisura lateralis. The theory about this movement is further corroborated by the shape correlation between the shape of the notch and the curvature of the epipharyngeal bar. The curvature of the epipharyngeal bar is more shallow in *A. brandtii*, where the notch forms a larger plateau (Fig. [2A](#F2){ref-type="fig"}) than in *S. kalambatritra*, in which the notch of the condylus is more strongly curved (Fig. [2I](#F2){ref-type="fig"}). The projections of the incisura lateralis and the epipharyngeal bar appear to form an anchor around which the mandibular gnathal lobe rotates during its abduction. According to this interpretation, the tentorial protractor and retractor muscles likely do no longer cause the tentorium to swing. The modified muscles instead likely serve to stabilise the tentorium in a position enabling the condylus of the gnathal lobe to rotate between the incisura lateralis and the epipharyngeal bar.

Correlations of the shape of the tentorium with volvation: a comparison with Glomerida {#SECID0E1NAG}
--------------------------------------------------------------------------------------

The tentorium of Sphaerotheriida contributes more characters to the list of head modifications that likely correlate with adaptations to volvation (see, e.g., [@B14], [@B2], [@B35]). These adaptations include a reduction of the head lumen and coincident size reduction or entire loss of endoskeletal formations (surveyed by [@B19]). Among Pentazonia, both Sphaerotheriida and Glomerida are able to roll themselves up into a ball, but their tentorium displays different transformations: as inferred from *Glomeris marginata*, the transverse bar is primarily maintained (e.g., [@B37], [@B6]), albeit with a remarkably loose connection to the head capsule. However, unlike in Sphaerotheriida, in the Glomerida the posterior process of the tentorium seems to be absent ([@B19]). Since the posterior process provides the origin of the tentorial retractor muscle (t3), the loss of the posterior process may indicate that the tentorium in Glomerida is, as in Sphaerotheriida, no longer capable of performing swinging movements. The different modifications of the tentorium, the reduction of the transverse bar in Sphaerotheriida and of the posterior process in Glomerida, corroborate the view that anatomical adaptations to volvation are non-homologous ([@B32], their Supplemental Appendix 1), i.e., that volvation evolved convergently in Glomerida and Sphaerotheriida. This view is particularly supported by recent molecular analyses ([@B26], [@B11]), as well as by characters of the gnathochilarium ([@B41]) favouring a sister group relationship between Glomerida and Glomeridesmida over the traditional classification of Glomerida and Sphaerotheriida in the taxon Oniscomorpha. Our ongoing studies focus on a detailed comparison of the cephalic musculature in Glomerida and Glomeridesmida to test the hypothesis of convergent loss of a swinging tentorium in correlation with convergent gain of volvation in Glomerida and Sphaerotheriida.

The tentorium as a taxonomic character inside Sphaerotheriida {#SECID0EJTAG}
-------------------------------------------------------------

Although the general appearance of the tentorium is conserved within Arthrosphaeridae there are some differences in details. These mainly concern the epipharyngeal bar, with its projections varying in their shape and length (Fig. [2D, F, H](#F2){ref-type="fig"}). Slight variations in shape are also displayed by the hypopharyngeal bar and the nebententorium (Fig. [2C, E, G](#F2){ref-type="fig"}). The tentorium of *Sphaeromimus* (Fig. [2E, F](#F2){ref-type="fig"}) is more similar to the state in *Arthrosphaera* (Fig. [2C, D](#F2){ref-type="fig"}) than in *Zoosphaerium* (Fig. [2G, H](#F2){ref-type="fig"}). This corresponds to the interrelationship within Arthrosphaeridae retrieved by Wesener et al. (2010) from molecular analyses, according to which the Malagasy genus *Sphaeromimus* is more closely related to the Indian genus *Arthrosphaera* than to the other Malagasy genera *Zoosphaerium* and *Microsphaerotherium*. The structure and shape of the tentorium accordingly might also serve as an informative character not only for phylogenetic reconstructions, but also for taxonomic studies, which can be assessed quite rapidly with high-throughput techniques like µCT and automated 3D-segmentation. However, not investigated yet were the changes in the structure of the tentorium in different life stages of millipedes and intraspecific variations. We recommend that internal characters should more often be considered in taxonomic descriptions.

Conclusions {#SECID0ENWAG}
===========

The reduction of the transverse bar of the tentorial complex as well as the presence of the mandible condyles in Sphaerotheriida must have an enormous impact on the mandibular abduction, resulting in a probably non-swinging tentorium. The reduction of the transverse bar in Sphaerotheriida is probably correlated to the volvation and suggests a convergent evolution of volvation in the pentazonian orders Sphaerotheriida and Glomerida. In Glomerida the posterior process of the tentorial complex is reduced as an adaptation to volvation. This could furthermore support a previously suggested ([@B26], [@B11], [@B41]) closer relationship between Glomerida and Glomeridesmida. Furthermore the tentorium offers taxonomic characters to distinguish at least genera. Therefore we recommend considering internal characters more often in taxonomic descriptions. Despite its importance as apomorphy, supporting the monophyly of Myriapoda, and its functional role, the tentorial complex is largely understudied and the knowledge on it throughout the Myriapoda is only fragmentary. This study can be seen as first step towards a broader assessment of the tentorial complex in the Diplopoda.
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